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Introduction: The consumption of health‐promoting products such as oil seeds may
improve human health and prevent certain diseases. Carvi seeds have the potential to
produce oil with nutritional and functional properties rich in active compounds.
Objective: To extract bioactive lipids from Carum carvi seeds using green
methodologies.
Material and methods: Supercritical‐carbon dioxide (Sc‐CO2) and ethanol as co‐
solvent and bio‐based solvent 2‐methyltetrahydrofuran (MeTHF) were used to
extract the oil from Carum carvi. The yield, the chemical composition, as well as anti-
oxidant and anti‐inflammatory activities of green extracted oils were investigated and
compared to those obtained with conventional methods (hexane and Folch system).
Results: MeTHF extraction gave higher oil yield than that obtained by hexane.
Fatty acids composition of the two obtained green extracted oils was similar to con-
ventional extracted ones where petroselinic (39–43%), linoleic (29–31%) and oleic
(19–21%) acids were the major compounds. Furthermore, MeTHF and Sc‐CO2 green
extracted oils were enriched of bioactive compounds including sterols (5.4 and
7.3 mg/g oil) and total polyphenols (9.3 and 7.6 mg GAE/g oil) which were correlated
to enhanced antiradical capacity. Moreover, the green extracted oils exhibited high
anti‐inflammatory capacity inhibiting nitric oxide (NO) release in lipopolysaccharide
(LPS)‐induced RAW 264.7 macrophages with IC50 values of 28 and 24 μg/mL.
Conclusion: Green solvents are a good alternative to petroleum solvents to recover
oil from carvi seeds with high amount of nutritionally important fatty acids, along with
significant antioxidant and anti‐inflammatory potential.
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2 SOUMAYA ET AL.1 | INTRODUCTION
Oilseeds are of great interest because of their high nutritive, func-
tional as well as industrial values. They can provide diet with a high
concentration of monounsaturated fatty acids (MUFAs) and polyun-
saturated fatty acids (PUFAs) which are beneficial for human health
and can protect against cardiovascular diseases.1 Oils contain minor
compounds with important biological properties such as phytosterols
and polyphenols. Sterols are powerful antioxidants and effective
cholesterol‐lowering compounds and some dietary sterols such as β‐
sitosterol may protect against several cancers.2 Furthermore, phenolic
components are potent antioxidants and exhibit beneficial effect on
plasma lipoproteins, and lipid oxidation. Polyphenols exert also a
potent effect on inflammation process and oil phenolics are now being
increasingly recognised for their anti‐inflammatory and antioxidant
effects on the skin.3
Recently, besides oleaginous species, several new plants have been
investigated as new sources of functional vegetable oils. Studies have
stated that seeds of some Apiaceae species are sources of valuable oil
in particular carvi (Carum carvi).4 The different plant parts of carvi
including fruits, roots and shoots are commonly used as condiment for
flavouring food and beverages.5 The oil obtained from the seeds is used
for the flavouring of ice cream, candy, pickles, and soft drinks.6 The
seeds are used traditionally as a remedy to treat various illnesses such
as bloating, diarrhoea, dyspepsia, flatulence, morning sickness, colic,
and as spasmolytic. They are also used in bronchopulmonary disorders
and as a cough remedy, as well as an analgesic.6-8 Carum carvi seeds
contain a significant amount of oil with high concentration of the
MUFAs; petroselinic and oleic acids. After oxidation, petroselinic acid
can yield lauric and adipic acidswhich are used in the synthesis of deter-
gents and nylon polymers. This fatty acid is also used in cosmetic formu-
lations as a hydrating, anti‐ageing, and skin‐irritation reducing agent.9
Conventionally, oils are obtained using mechanical process or sol-
vent extraction. The mechanical method often affords low yields,
while chemical extraction methods such as Soxhlet, Folch or Bligh
and Dyer use hazardous organic solvents.10 Hexane, a paraffinic
petroleum fraction, is one of the most used solvent to extract oil
because of high oil yield recovery.11 However, hexane is listed as an
hazardous air pollutant by the US Environmental Protection Agency
(EPA) and it has been reported by the EPA Toxic Release Inventory
that more than 20000 t of hexane are released to the atmosphere
each year from the extraction of vegetable oils.12 In addition, exposure
to hexane leads to neurotoxic damage.13 Therefore, considering such
toxicological and environmental concerns, there is a need to find safe
alternative to n‐hexane without compromising oil recovery.14
The concept of green chemistry is governed by principles which
are mainly aimed to reduce wastes and to promote a more efficient
use of energy and resources. Regarding the green extraction of natural
products, six specific principles have been proposed including: (i) inno-
vation by selection of varieties and use of renewable plant resources,
(ii) use of green solvents and principally water or agro‐solvents, (iii)
reduction of energy consumption by energy recovery and using inno-
vative technologies, (iv) production of co‐products instead of waste toinclude the bio‐ and agro‐refining industry, (v) reduce unit operations
and favour safe, robust and controlled processes, and (vi) aim for a
non‐denatured and biodegradable extract without contaminants.15
Supercritical fluid extraction (SFE) is an attractive clean alternative to
organic solvents and an environmentally friendly technology for food
and pharmaceutical product extraction using green solvents.16 Carbon
dioxide (CO2) is the most commonly used supercritical fluid due to lack
of toxicity and flammability and low cost.17 Some studies have
reported on the good yields of lipids extraction from plant material
using supercritical fluids.18,19 However, bio‐based solvents constitute
an interesting new green alternative to petrochemical solvents.15
Indeed, these solvents are produced from biomasses such as starch,
corn, citrus, and soybeans and have a high solvent power and are bio-
degradable, low toxicity, low flammability and cost effective.15,20 In
this context, 2‐methyltetrahydrofuran (MeTHF) is a green solvent
derived from lignocellulosic biomass.21,22 It has chemical and physical
properties similar to hexane but has no carcinogenic, no mutagenic
and no toxic properties.23 Moreover, it is biodegradable.21,22,24
Recently, bio‐based solvents including MeTHF, limonene and p‐
cymene have been found to be effective to extract lipids from several
plant seeds.11,25,26 Some green methods including ultrasonic assisted
extraction have been applied to extract volatiles compounds from
carvi.27,28 However, to our knowledge there are no previous reports
on chemical content of carvi oil obtained with green extraction proce-
dures. As a continuation of efforts in developing healthy oils rich in
health beneficial components, the present study was designed to
investigate the performance of supercritical‐CO2 (Sc‐CO2) and MeTHF
compared to conventional extraction techniques for extraction of oil
from C. carvi seeds.2 | EXPERIMENTAL
2.1 | Reagents and plant material
Solvents including methanol (99.8% purity), n‐hexane (98% purity),
chloroform (99% purity) were purchased from Loba Chimie
(Mumbia, India). The bio‐based solvent MeTHF (≥ 99% purity) was
supplied by Sigma‐Aldrich (Taufkirchen, Germany). Betulin, 2,7
dichlorofluorescein, pyridine, N,O‐bis(trimethylsilyl)trifluoracetamide
with trimethylchlorosilane, sodium carbonate (Na2CO3), 2,2‐
diphenyl‐1‐picrylhydrazyl (DPPH) free radical, dimethyl sulphoxide
(DMSO), gallic acid, Folin Ciocalteu's phenol reagent and Nω‐nitro‐-
L‐arginine methyl ester hydrochloride (L‐NAME) were supplied by
Sigma‐Aldrich. Fatty acid methyl esters (FAME) mix was supplied
by Supelco (Bellefonte, PA, USA). RPMI‐1640 medium, fetal bovine
serum (FBS) and penicillin/streptomycin were from PAN‐Biotech
(Aidenbach, Germany).
Carum carvi (Apiaceae family) seeds were purchased from Korba
(northeast of Tunisia) on July 2016. Plant identification was carried
out by Professor Abderrzek Smaoui (Biotechnology Centre in Borj‐
Cedria, Tunisia). A voucher specimen (BC2011–2026) was deposited
at the herbarium of the Laboratory of Aromatic and Medicinal Plants,
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fine powder using a grinder just before extraction.2.2 | Extraction procedures
2.2.1 | Soxhlet extraction
Thirty grams of seeds were transferred to a cellulose thimble and put
into the extraction chamber of a Soxhlet apparatus fitted with a con-
denser. The latter was placed on a distillation flask filled with
250 mL of n‐hexane or MeTHF. Samples were extracted under reflux
for 6 h. After the extraction, the solvents were evaporated using a
rotary evaporator. The extracted oils were weighed, closed under a
nitrogen stream and stored at −20°C until further analysis.2.2.2 | Chloroform/methanol extraction
Twenty grams of ground seeds were mixed with a solution of
chloroform/methanol in a 2:1 v/v ratio and mixed thoroughly in a vor-
tex according to Folch et al.29 Then, the mixture was filtered through
Whatman paper filter into a separatory funnel and a potassium chlo-
ride solution (80 mL) was added. After gentle shaking, the mixture
was allowed to separate into two layers. The lower layer was evapo-
rated under reduced pressure. The oil sample was weighed and
flushed with nitrogen, and stored at −20°C until further analysis.2.2.3 | Supercritical carbon dioxide (Sc‐CO2)
extraction
Oil was extracted from carvi seeds with Sc‐CO2 using pilot‐scale
equipment (Separex, Champigneulles, France). The extracted oil was
maintained at 20 MPa pressure and 40°C temperature.30 The extrac-
tion time was fixed to 180 min under a continuous flux of CO2
(14 mL/min). After finishing the extraction processes, total extraction
yield was measured. Obtained oil was transferred into glass bottles,
flushed with nitrogen and stored at −20°C until analysis.2.3 | Fatty acid analysis
Fatty acid composition of the extracted oils was determined using gas
chromatography–flame ionisation detection (GC‐FID). First, the fatty
acids were transformed into their corresponding methyl esters
(FAME) using sodium methoxide solution.31 The FAME were analysed
by GC using HP 6890 gas chromatograph (Agilent, Palo Alto, CA,
USA) equipped with RT‐2560 capillary column (100 m length,
0.25 mm i.d., 0.20 μm film thickness). Nitrogen was used as carrier
gas. The initial oven temperature was held at 170°C for 2 min,
increased at a rate of 3°C/min ramp to 240°C and finally held there
for 15 min. The injector and detector temperatures were 225°C. Indi-
vidual fatty acids were identified by comparing their retention times
with a certified FAME mix.2.4 | Sterol analysis
Oil samples were saponified with 2 M potassium hydroxide (KOH) in
ethanol, together with 1 mg betulin as internal standard. The solution
was heated for 1 h at 70°C. After saponification, the mixture was
washed by water and the unsaponifiables were extracted using diethyl
ether. The ether phase was washed with water, dried over anhydrous
sodium sulphate, and the solvent was removed under vacuum and
nitrogen. The unsaponifiable fraction was charged on a basic silica
thin‐layer chromatography (TLC) plate and sprayed with a 2,7
dichlorofluorescein ethanolic solution. Sterols bands were identified
under ultraviolet (UV) light, scraped off with a spatula, then extracted
with chloroform and evaporated to dryness.
Sterols were silylated by the addition of pyridine and N,O‐
bis(trimethylsilyl)trifluoracetamide containing 1% trimethylchlorosilane
solution and heated at 90°C for 30 min. Identification and quantifica-
tion of sterols as trimethylsilyl ethers was carried out on an Agilent
Technologies 6890 GC–MS. An Agilent Technologies HP 5 MS column
(0.25 μm × 250 mm × 30 m) was used. The splitless injector was at
275°C, and the temperature programme was programmed to rise from
50 to 275°C at a rate of 30°C/min. The ionisation potential was fixed
at 70 eV. Scan time and mass range were 1 s and 30–450 (m/z),
respectively. Sterols were identified by comparing their retention
times with those of commercially available standards and results were
expressed as milligrams per gram (mg/g) of oil.2.5 | Total polyphenols content
The phenolic compounds were extracted from oils according to the
method of Parry et al.32 Briefly, 0.5 g of oil extracted with 2.5 mL of
methanol. The sample was vortexed and then centrifuged at
5000 rpm for 5 min and the supernatant was collected. This procedure
was repeated two more times. All three extractions were combined
and the resulting phenolic solution was then lyophilised and stored
at −20°C until analysis.
Total phenolic content of the seed oils were determined using
Folin–Ciocalteu reagent. Briefly, an aliquot of the phenolic extract
was added to distilled water and mixed for 30 s. Then, Folin–Ciocalteu
reagent (125 μL) was added and allowed to react for 3 min. Afterward
Na2CO3 solution was added. After incubation in the dark for 2 h, the
absorbance versus prepared blank was read at 760 nm. Gallic acid
was used as standard and results were expressed as milligram of gallic
acid equivalent per gram (mg GAE/g) of oil.2.6 | Measurement of antioxidant activity
The radical scavenging capacity of carvi seed oil was determined using
DPPH radicals as described by Parry et al.32 slightly modified method.
Briefly, freshly made 0.2 mM DPPH‐methanol solution was mixed into
seed oil extract at different concentrations. The vigorously mixed mix-
ture was placed in darkness for 30 min. The absorbance was measured
at 517 nm against blank using a UV‐visible spectrophotometer. The
a
20
4 SOUMAYA ET AL.antiradical activity was expressed as half maximal inhibition concen-






























FIGURE 1 Oil yield of Carum carvi seeds obtained with conventional
(Soxhlet and Folch) and green (MeTHF and Sc‐CO2) extractions.
Different letters on the top of data bars indicate significant differences
(P < 0.05) between mean values (± SD, n = 3). DW, dry weight;
MeTHF, 2‐methyltetrahydrofuran; Sc‐CO2, supercritical carbon
dioxide; SD, standard deviation2.7 | Measurement of anti‐inflammatory activity
2.7.1 | Cell culture
RAW 264.7 murine macrophage cells were supplied from the Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA). The cell line
was cultured in RPMI 1640 medium supplemented with 10% (v/v)
FBS, 100 U/mL of penicillin, 100 μg/mL of streptomycin and were
maintained at 37°C in humidified atmosphere of 5% CO2.
2.7.2 | Measurement of nitrite production
RAW 264.7 cells were seeded in 24‐well plates at a density of 2 × 105
cells per well and were allowed to attach for 24 h at 37°C and given a
fresh change of medium. Cells were then treated with various concen-
trations of carvi oils dissolved in the DMSO or the positive control (L‐
NAME). The final concentration of solvent in the culture medium was
maintained at 0.1% (v/v) to avoid solvent toxicity. Cells were then
stimulated with 100 μg/mL lipopolysaccharide (LPS) and incubated
at 37°C under 5% CO2. After 24 h, cell‐free supernatants were col-
lected and nitrite production was assessed using Griess method.33
The absorbance at 540 nm was then measured using an automated
96‐well Varioskan Ascent plate reader and nitric oxide (NO) levels,
produced by murine macrophage‐like RAW 264.7 cells, was deter-
mined by comparison with a sodium nitrite (NaNO2) standard curve.2.8 | Statistical analysis
Data for analytical methodswere reported as themean ± standard devi-
ation (SD). Duncan test (P < 0.05) was performed to determine signifi-
cant differences among means of experiments carried out in triplicate.
For cell experiments, data are reported as standard error of the mean
(SEM) and values of at least three independent experiments are given.
An analysis of variance (ANOVA) with Bonferroni's test was used for
the statistical analysis of multiple comparisons of data. The P‐values less
than 0.01 were considered statistically significant.3 | RESULTS AND DISCUSSION
3.1 | Oil extraction yield
Carum carvi seeds were extracted using new technologies including a
green solvent (MeTHF) and a green method (Sc‐CO2 extraction) and
compared to conventional methods including extractions with hexane
in soxhlet apparatus for 6 h and Folch method.
According to Figure 1, carvi seed oils had 13 and 18% yields based
on conventional methods including extraction by hexane and Folch
method, respectively. Such differences could be due to the effect of
the extraction method. n‐Hexane was reported to be less effectivethan Folch's procedure regarding the oil extraction from coriander,
almonds and hazelnuts seeds.34
As is shown in Figure 1, green techniques recovered oil with rela-
tively good yields. Interestingly, extraction by bio‐based solventMeTHF
recovered a high yield (16%) which was superior to the one obtained by
hexane (13%) and close to the one obtained by Folch method. These
results showed thatMeTHF is a suitable solvent to extract oil from carvi
seeds. Such efficiency could be due to its apolar aprotic chemical char-
acteristics.35 MeTHF has been reported to exhibit the ability to dissolve
triacylgylcerols and phospholipids in rapeseed oil giving similar yield to
the one obtained by hexane.36 BenYoussef et al.,25 extracted date palm
seeds of three cultivars (Deglet Nour, Allig, and Belah) with the two sol-
vents (hexane and MeTHF) for 8 h by soxhlet and reported a cultivar‐
dependent effect whereMeTHFwas the best solvent to extract oil from
Bellah and Allig varieties while hexane remained the better solvent to
extract oil from Deglet Nour variety. Moreover, MeTHF appeared to
be a good candidate to replace hexane for lipid extraction from oleagi-
nous yeast biomass.37
However, therewas no significant difference between n‐hexane and
Sc‐CO2 extraction using temperature 40°C, pressure 200 bar and etha-
nol as entrainer (Figure 1). In agreement with our study, high pressure
(200–300 bar) and low temperature (40°C) were used for oils extraction
using Sc‐CO2 from rosehip
38 and rice bran19 seeds. High pressures are
recommended to increase the density and, consequently, the solvating
power of solvent, which increases the solubility of oil in CO2 and thus
the yield.19,39 Moreover, Sc‐CO2 is a valuable green technology which
allows the production of oil without residues – “solvent free extracts”
which is of interest to the food industry.
Overall, these experimental data show that green techniques espe-
cially the bio‐based solvent MeTHF represent a suitable alternative
solvent for lipids extraction from carvi seeds.
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The fatty acid composition of the C. carvi seed oils obtained from con-
ventional and green extractions is summarised in Table 1. The content
of unsaturated fatty acids (UFAs) was high in carvi oils extracted with
hexane and Folch method accounting for 93 and 92%, respectively.
MUFAs was the most represented subclass with percentages of 62
and 63%, respectively, followed by PUFAs with percentage of 30%
in the two oils. These values are similar to those obtained by
Kozłowska et al.40 who reported MUFA level of 63% in carvi oil
extracted by hexane and chloroform/methanol. However, Laribi
et al.41 showed lower MUFA contents in hexane oil extracted from dif-
ferent carvi ecotypes (50–56%).
Our results (Table 1) demonstrated that carvi oil extracted with
green methods exhibited chemical composition comparable to the
ones obtained with conventional methods. In fact, UFAs accounted
for 93% in MeTHF and Sc‐CO2 oils. Green extraction resulted in oils
rich in MUFAs (61 and 63%) and PUFAs (32 and 30%) for MeTHF
and Sc‐CO2 oils, respectively, while, the level of saturated fatty acids
(SFAs) was very low (7% in both oils). SFE technique can provide
low temperatures of extraction and so a high product quality.42
Overall, the results proved that green techniques are as able as
hexane and chloroform/methanol to extract oil rich MUFAs and
PUFAs. These have beneficial effects on both normal health and
chronic diseases, such as regulation of lipid level, cardiovascular and
immune functions.43
As shown in Table 1, petroselinic acid (C18:1 n‐12) was the major
fatty acid in conventional extracted oils with high percentages
reaching 43% in hexane and 40% in Folch extracted oils, followed by
linoleic acid (30% in the two oils) and oleic acid (19 and 22% in hexane
and Folch extracted oils). Our results are consistent with previous
studies indicating that petroselinic acid is the main fatty acid in
carvi oil after hexane and chloroform/methanol extractions withTABLE 1 Chemical composition (%) of Carum carvi oils obtained with co
(MeTHF) and supercritical‐carbon dioxide (Sc‐CO2)] extractions
Fatty acid composition (%) Hexane Fo
C16:0 5.08 ± 0.12b 6.9
C16:1 Tr Tr
C18:0 1.66 ± 0.03ab 1.7
C18:1 n‐12 43.41 ± 4.53a 39
C18:1 n‐9 19.41 ± 0.86c 21
C18:2 n‐6 29.82 ± 3.61c 30
C18:3 n‐3 0.09 ± 0.04d 0.4
C20:0 0.54 ± 0.12a —
∑SFA 7.27 ± 0.02b 8.6
∑UFA 92.74 ± 0.01a 91
∑MUFA 62.82 ± 3.67a 60
∑PUFA 29.92 ± 3.66b 30
Values are means ± standard deviation. Different superscript letters (a–d) in a ro
viations are: Tr, trace; SFA, saturated fatty acids; UFA, unsaturated fatty acids;percentages varying from 29 to 41% of total fatty acids according to
seeds origin.4,40
Fatty acid composition of green extracted oils exhibited a similar
trend to that of the conventional ones (Table 1). Indeed, petroselinic
acid (C18:1 n‐12) remained the major compound with comparable
levels of 40 and 43% in MeTHF and Sc‐CO2 extracted oils, respec-
tively. Moreover, linoleic and oleic acids were the second and the third
most representative fatty acids with percentages of 32 and 21%,
respectively in MeTHF oil and 30 and 21%, respectively in Sc‐CO2
oil. Some studies investigated the effect of green extraction on the
chemical composition of petroselinic acid‐containing oils. MeTHF
was reported to have the same ability compared to hexane to extract
the main fatty acids, petroselinic and oleic, from rapeseed.36 Likewise,
Ben Youssef et al.25 study emphasised that there were no significant
changes in fatty acid profiles of the date oils obtained by MeTHF
and hexane. Although Sc‐CO2 extraction affected coriander oil yield,
there was no significant changes in the fatty acid profile between hex-
ane and Sc‐CO2 extracted oil.
44
According to our results, it can be concluded that green extraction
methods can be considered interesting alternative technologies to
conventional methods to obtain carvi oil rich in fatty acids with health
and economic‐enhancing value especially petroselinic acid.
3.3 | Sterol content
The main constituents of carvi unsaponifiables are sterols and poly-
phenols.40 As it can be shown in Table 2, total sterols in conventional
carvi extracted oils were 6.45 and 4.5 mg/g dry weight (DW) after
hexane and Folch extractions, respectively. Kozłowska et al.40
reported slightly higher total sterols content (about 7 mg/g DW) in
carvi oil extracted by hexane and chloroform/methanol.
Our results showed that green extraction of carvi oil sterols using
MeTHF gives oil with comparable content (5.3 mg/g DW) tonventional (Soxhlet and Folch) and green [2‐methyltetrahydrofuran
lch MeTHF Sc‐CO2
0 ± 0.22a 5.25 ± 0.16b 5.16 ± 0.01b
0.10 ± 0.01a 0.18 ± 0.01a
3 ± 0.15a 1.69 ± 0.08a 1.58 ± 0.08b
.21 ± 0.23b 40.32 ± 2.68b 43.52 ± 0.48a
.28 ± 0.57a 20.47 ± 1.20b 19.02 ± 0.77c
.39 ± 0.69b 31.54 ± 1.75a 29.62 ± 0.46c
8 ± 0.04b 0.62 ± 0.04a 0.35 ± 0.05c
— 0.54 ± 0.03a
3 ± 0.07a 6.94 ± 0.24c 7.27 ± 0.11b
.37 ± 0.07b 92.95 ± 0.59a 92.55 ± 0.12a
.51 ± 0.79b 60.79 ± 1.48b 62.54 ± 0.29a
.88 ± 0.73b 32.16 ± 1.83a 30.01 ± 0.41b
w indicate significant differences for individual fatty acid (P < 0.05). Abbre-
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
TABLE 2 Sterol content in Carum carvi oils obtained with conventional (Soxhlet and Folch) and green [2‐methyltetrahydrofuran (MeTHF) and
supercritical‐carbon dioxide (Sc‐CO2)] extractions
Sterols composition (mg/g oil) Hexane Folch MeTHF Sc‐CO2
Cholesterol 0.23 ± 0.01a 0.14 ± 0.01c 0.15 ± 0.01b 0.22 ± 0.02ab
Cholesterol (7) 0.06 ± 0.00a 0.03 ± 0.00c 0.04 ± 0.00b 0.06 ± 0.01a
Campesterol 0.36 ± 0.01b 0.29 ± 0.01d 0.31 ± 0.01c 0.40 ± 0.02a
Stigmasterol 1.79 ± 0.09b 1.43 ± 0.06d 1.51 ± 0.09c 2.04 ± 0.12a
7‐Campesterol 0.03 ± 0.00a 0.02 ± 0.00b 0.02 ± 0.00b 0.03 ± 0.00a
β‐Sitosterol 3.21 ± 0.07b 2.41 ± 0.11d 2.57 ± 0.15c 3.61 ± 0.20a
Sitostanol 0.03 ± 0.0d 0.05 ± 0.00b 0.04 ± 0.01c 0.06 ± 0.01a
5‐Avenasterol 0.41 ± 0.03b 0.09 ± 0.01c 0.40 ± 0.05b 0.48 ± 0.03a
7‐Avenasterol 0.34 ± 0.01c 0.06 ± 0.00d 0.35 ± 0.06b 0.36 ± 0.06a
Total sterols 6.45 ± 0.21b 4.53 ± 0.19d 5.38 ± 0.38c 7.26 ± 0.43a
Values are means ± standard deviation. Different superscript letters (a–d) in a row indicate significant differences for individual sterols (P < 0.05).
6 SOUMAYA ET AL.conventional extractions, however, carvi oil was slightly enriched in
total sterols (7.25 mg/g DW) after Sc‐CO2 extraction. It has been
reported that the extractivity of phytosterols by Sc‐CO2 is facilitated
by the presence of solvent such as ethanol and acetone in the solvent
stream.45 Moreover, Sicaire et al.36 reported that rapeseed oil
extracted with MeTHF was equivalent to oil extracted with n‐hexane
in total sterol content.
However, the conventional extracted oils were characterised by
the presence of β‐sitosterol (3.2 and 2.45 mg/g DW, respectively, in
hexane and Folch) and stigmasterol (1.8 and 1.45 mg/g DW, respec-
tively, in hexane and Folch) as major sterols. Cholestrol, campsterol
and avensterols were present with low content also. This is in accor-
dance with previous studies showing that carvi oil is a source of β‐
sitosterol and stigmasterol.40 This tendency was found in green
extracted oils; β‐sitosterol and stigmasterol were the major com-
pounds (Table 2). However, Sc‐CO2 extracted oil contained slightly
higher amounts of β‐sitosterol (3.6 mg/g DW) and stigmasterol
(2 mg/g DW) than MeTHF extracted oil (β‐sitosterol and stigmasterol
contents of 2.5 and 1.5 mg/g DW, respectively). Sicaire et al.36 found
that the major sterols were identified in the same proportions in hex-
ane and MeTHF rapeseed extracted oils. Recently, Prache et al.46
showed that chloroform used for the separation of lipid classes such
as non‐polar sterols might be replaced efficaciously by several bio‐
based solvents including MeTHF. Furthermore, Sajfrtová et al.47 found
that the Sc‐CO2 extraction achieved at a pressure of 15 MPa and
40°C temperature, was a convenient extraction technique for
obtaining a sea buckthorn extract concentrated with β‐sitosterol.TABLE 3 Total polyphenols contents and antioxidant activity of Carum c
[2‐methyltetrahydrofuran (MeTHF) and supercritical‐carbon dioxide (Sc‐CO
Hexane Folch
Total phenolics (mg GAE/g oil) 5.95 ± 0.32d 6.61 ± 0.26
DPPH radical activity (IC50 μg/mL) 247.50 ± 2.5b 519.67 ± 6
Values are means ± standard deviation. Different superscript letters (a–d) in a r
ene; DPPH, 2,2‐diphenyl‐1‐picrylhydrazyl.Sterols are of great interest as high value‐added products because
of their nutraceutical activities. Overall, our results showed that green
procedures are as effective as hexane and chloroform/methanol for
the extraction of sterols from carvi seeds.
3.4 | Total polyphenols content and antioxidant
capacity
Among bioactive compounds, phenolics constitute an important class
since they may act as antioxidants and may have the potential to pro-
tect biologically important components, such as membrane lipids,
DNA and proteins, from radical‐mediated oxidative damage.
Total phenolic content (TPC) of carvi oils was evaluated. As shown
in Table 3, conventional oils displayed high phenolic content with 5.6
and 6.6 mg GAE/g oil in hexane and chloroform/methanol oils, respec-
tively. The TPC was higher than that reported by Kozłowska et al. 40
(in the oil of caraway seeds from Poland extracted by hexane and
chloroform/methanol (0.07 and 0.78 mg GAE/g oil, respectively). Such
differences could be explained by the effect of origin. Indeed, location
and environmental conditions have been reported to significantly
modulate phenolic compounds biosynthesis and accumulation in plant
organs and oils.48 However, similar TPC was reported by Ramadan49
in oils from Apiaceae seeds such cumin (3.9 mg GAE/g oil) and corian-
der (4.3 mg GAE/g oil).
The results indicated that carvi green extracted oils were enriched of
phenolic compounds compared to conventional ones (Table 3). Indeed,
MeTHF and Sc‐CO2 oils displayed TPC of 9.1 and 7.3 mg GAE/g oil,arvi oils obtained with conventional (Soxhlet and Folch) and green
2)] extractions
MeTHF Sc‐CO2 BHT
c 9.31 ± 0.65a 7.25 ± 0.18b —
.81a 116.67 ± 5.77c 101.67 ± 2.89d 11.5 ± 0.02
ow indicate significant differences (P < 0.05). BHT, butylated hydroxytolu-
SOUMAYA ET AL. 7respectively, which were 1.6‐ and 1.3‐folds higher than hexane
extracted one. Ethanol has been reported to aid the SFE of polar pheno-
lic compounds from canola press cake as compared to n‐hexane extrac-
tion.50 The use of polar co‐solvent such as ethanol may enhance the
solvating power of CO2 and thus improve the extraction of polar com-
pounds in oil seeds.51 In fact, the co‐solvent can increase the mass
transfer by cleaving bonds between plant matrices and solute.52 More-
over, the extractivity of polar compounds may be improved by a better
penetration of Sc‐CO2 into the matrix, due to swelling of the sample
matrix with a co‐solvent.45
These results suggest that green procedures especially MeTHF had
a better selectivity and gave oil with higher content of total phenolics
than hexane or chloroform/methanol.
In this study, the radical scavenging activity of carvi oils was deter-
mined using DPPH assay. As shown in Table 3, carvi oils exhibited
antiradical activity with IC50 values varying from 102 to 520 μg/mL
where Sc‐CO2 extracted oil exhibited the highest activity. Interest-
ingly, oils extracted using MeTHF (IC50 = 117 μg/mL) and Sc‐CO2
(IC50 = 102 μg/mL) showed stronger radical scavenging activity than
conventional extracted ones (IC50 values of 248 and 520 μg/mL
respectively for hexane and Folch extracted oils). Moreover, a nega-
tive correlation was found between the antiradical activity and the
total polyphenols content of the oils which suggested that the antiox-
idant activity might be related to the presence of some individual
active phenolic compounds. In fact, it was reported that the antioxi-
dant activity not only depends on the concentration, but also on the
structure and the interaction between the antioxidants.53
The results indicated that green procedures could be a good alter-
native to hexane and chloroform/methanol to recover carvi oils
enriched in phenolic compounds with enhanced antioxidant activity.3.5 | Anti‐inflammatory activity
Firstly, carvi oils have been tested for their cytotoxic activity on mac-
rophages, assessed by resazurin test. Our data did not show any signif-
icant cytotoxic effect for all tested concentrations (0–100 μg/mL, data
not shown). Based on these data, subsequent assays were performedFIGURE 2 Effect of oil of Carum carvi seeds
obtained with conventional (Soxhlet and
Folch) and green (MeTHF and Sc‐CO2)
extractions on LPS‐induced NO production in
RAW 264.7 macrophages. Data are
represented as mean ± SEM (n = 3).
***P < 0.001. NO, nitric oxide; DMSO,
dimethyl sulphoxide; LPS, lipopolysaccharide;
MeTHF, 2‐methyltetrahydrofuran; Sc‐CO2,
supercritical carbon dioxide; SEM, standard
error of the meanto elucidate the anti‐inflammatory effect of these oils using LPS‐
stimulated RAW 264.7 macrophages.
Through their secretions and receptors, macrophages participate in
complex interactions involving cellular and humoral components of
the inflammatory and immunological networks. NO is among the
important products of macrophage and is produced from L‐arginine
by inducible nitric oxide synthase (iNOS). It has been shown to play
a central role in inflammatory and immune reaction activities. Stimula-
tion of macrophages by various stimuli, such as LPS, disturb the bal-
ance of the intracellular state and leads to an excess of inflammatory
mediator production such as reactive oxygen species (ROS) and NO
in addition to some enzymes like iNOS.54 NO mediates diverse phys-
iological functions; however, excess of NO can contribute to tissue
injury in inflammatory diseases. Indeed, it can react with superoxide
radicals to form the harmful peroxynitrite.55 Therefore, inhibition of
NO production may be an interesting strategy to treat various inflam-
matory disorders.
The results presented in Figure 2 are expressed as quantity of NO
production in LPS‐stimulated RAW 264.7 macrophages. Our results
showed that LPS treatment triggered significant nitrite accumulation
in control cells. Interestingly, NO production was significantly inhibited
by treatment with the four carvi oils. Indeed, hexane and
chloroform/methanol oils decreased NO release in a concentration‐
depended manner as it is depicted in Figure 2. When tested at a low
concentration (10 μg/mL), the two oils decreased NO production by
macrophages by 19 and 27%, respectively, compared to control.
At 50 μg/mL, these oil exhibited strong anti‐inflammatory power
inhibiting NO release in LPS‐induced RAW 264.7 macrophages by
81 and 87%, while at higher concentration (100 μg/mL) NO produc-
tion was totally inhibited. For the two oils IC50 were low of 28 and
24 μg/mL, respectively. In comparison, the positive control L‐NAME
(250 μM) used as positive control, inhibited NO release by 71%. In this
work, we elucidate for the first time the anti‐inflammatory effect of
carvi oil.
Compared to conventional extracted oils, the green extracted ones
displayed comparable strong anti‐inflammatory activity. They inhibited
NO release in a concentration‐depended manner and displayed very
low IC50 of 27 and 28 μg/mL, respectively, in MeTHF and Sc‐CO2 oils.
8 SOUMAYA ET AL.As for conventional extracted oils, treatments with elevated concen-
tration of carvi green extracted oils (100 μg/mL) induced total NO
production inhibition.
The highest anti‐inflammatory power of carvi oils in our study
could be due to the effect of some active compounds mainly phenolics
and sterols. It has been reported that total phenolic fraction or isolated
compounds from olive oil incubated with inflammatory cells down‐
regulated anti‐inflammatory enzyme activities which induce a reduc-
tion of NO production.56,57 Besides, sterols may have a protective
effect on some mediators involved in inflammatory damage develop-
ment. In fact, β‐sitosterol has been found to reduce NO release in acti-
vated macrophages which was correlated with the impairment of
iNOS activity.58,59
In this study, the replacement of conventional hazardous systems
including hexane and Folch system by green procedures using Sc‐
CO2 extraction and the bio‐based, non‐toxic and biodegradable sol-
vent MeTHF have been taken up to extract oil from carvi seeds.
Obtained results indicate that green extracted oils exhibited similar
fatty acid composition to conventional extracted ones and were rich
in UFAs mainly petroselinic acid which was the major compound.
Interestingly, green extracted oils were richer than conventional
extracted oils in bioactive compounds including sterols and phenolics
with enhanced antioxidant and anti‐inflammatory activities. In term
of yield, MeTHF was more suitable than SFE to extract oil from carvi
seeds giving higher yield than hexane. In conclusion, MeTHF could
be a potential green industrial alternative to the petroleum solvents
to obtain seed oils with high yield and quality.
ACKNOWLEDGEMENT
This work was supported by theTunisian Ministry of Higher Education




1. Kuna A, Achinna P. Mono unsaturated fatty acids for CVD and diabe-
tes: a healthy choice. Int J Nutr Pharmacol Neurol Dis.
2013;3(3):236‐248.
2. Moon DO, Kim MO, Choi YH, Kim GY. Beta‐sitosterol induces G2/M
arrest, endoreduplication, and apoptosis through the Bcl‐2 and
PI3k/Akt. Cancer Lett. 2008;264(2):181‐191.
3. Lin TK, Zhong L, Santiago JL. Anti‐inflammatory and skin barrier repair
effects of topical application of some plant oils. Int J Mol Sci.
2018;19:70.
4. Ngo‐Duy CC, Destaillats F, Keskitalo M, Arul J, Paul A. Triacylglycerols
of Apiaceae seed oils: composition and regiodistribution of fatty acids.
Eur J Lipid Sci Technol. 2009;111(2):164‐169.
5. Shikov AN, Tsitsilin AN, Pozharitskaya ON, Makarov VG, Heinrich M.
Traditional and current food use of wild plants listed in the Russian
pharmacopoeia. Front Pharmacol. 2017;8:1‐15.
6. Shikov AN, Pozharitskaya ON, Makarov VG, Wagner H, Verpoorte R,
Heinrich M. Medicinal plants of the Russian pharmacopoeia; their his-
tory and applications. J Ethnopharmacol. 2014;154(3):481‐536.7. Keshavarz A, Minaiyan M, Ghannadi A, Mahzouni P. Effects of Carum
carvi L. (caraway) extract and essential oil on TNBS‐induced colitis in
rats. Res Pharm Sci. 2013;8(1):1‐8.
8. Johri RK. Cuminum cyminum and Carum carvi: an update. Pharmacogn
Rev. 2011;5(9):63‐72.
9. Delbeke EIP, Everaert J, Uitterhaegen E, et al. Petroselinic acid purifica-
tion and its use for the fermentation of new sophorolipids. AMB
Express. 2016;6(1):28.
10. Iverson SJ, Lang SLC, Cooper MH. Comparison of the Bligh and dyer
and Folch methods for total lipid determination in a broad range of
marine tissue. Lipids. 2001;36(11):1283‐1287.
11. Fine F, Vian MA, Tixier ASF, Carre P, Pages X, Chemat F. Les agro‐
solvants pour l'extraction des huiles végétales issues de graines
oléagineuses. OCL. 2013;20(5):A502.
12. De Simone JM. Practical approaches to green solvents. Science.
2002;297:799‐802.
13. Kumar SPJ, Prasad SR, Banerjee R, Agarwal DK, Kulkarni KS, Ramesh
KV. Green solvents and technologies for oil extraction from oil seeds.
Chem Cent J. 2017;11‐19.
14. Byrne FP, Jin S, Paggiola G, et al. Tools and techniques for solvent selec-
tion: green solvent selection guides. Sustain Chem Process. 2016;4‐7.
15. Chemat F, Vian MA, Cravotto G. Green extraction of natural products:
concept and principles. Int J Mol Sci. 2012;13(7):8615‐8627.
16. Herrero M, Ibanez E. Green extraction processes, biorefineries and
sustainability: recovery of high added‐value products from natural
sources. J Supercrit Fluid. 2018;134:252‐259.
17. Hu A, Zhang Z, Zheng J, et al. Optimizations and comparison of two
supercritical extractions of adlay oil. Innov Food Sci Emerg Technol.
2012;13:128‐133.
18. Hurtado‐Benavides A, Dorado AD, Del PilarSánchez‐Camargo A. Study
of the fatty acid profile and the aroma composition of oil obtained
from roasted Colombian coffee beans by supercritical fluid extraction.
J Supercr Fluid. 2016;113:44‐52.
19. Soares JF, Pra VD, De Souza M, et al. Extraction of rice bran oil using
supercritical CO2 and compressed liquefied petroleum gas. J Food Eng.
2016;170:58‐63.
20. Kumar JSP, Kumar VG, Dash A, Scholz P, Banerjee R. Sustainable green
solvents and techniques for lipid extraction from microalgae: a review.
Algal Res. 2017;21:138‐147.
21. Pace V, Hoyos P, Fernández M, Sinisterra JV, Alcántara AR. 2‐
Methyltetrahydrofuran as a suitable green solvent for phthalimide
functionalization promoted by supported KF. Green Chem. 2010;
12(8):1380‐1382.
22. Gu Y, Jerome F. Bio‐based solvents: an emerging generation of fluids
for the design of eco‐efficient processes in catalysis and organic chem-
istry. Chem Soc Rev. 2013;42(24):9550‐9570.
23. Antonucci V, Coleman J, Ferry JB, et al. Toxicological assessment of 2‐
methyltetrahydrofuran and cyclopentyl methyl ether in support of
their use in pharmaceutical chemical process development. Org Process
Res Dev. 2011;15(4):939‐941.
24. Pace V, Hoyos P, Castoldi L, De Maria PD, Alcntara AR. 2‐
Methyltetrahydrofuran (2‐MeTHF): a biomass‐derived solvent with
broad application in organic chemistry. Chem Sus Chem. 2012;
5(8):1369‐1379.
25. Ben Youssef S, Fakhfakh J, Breil C, Abert‐Vian M, Chemat F, Allouche
N. Green extraction procedures of lipids from Tunisian date palm
seeds. Ind Crop Prod. 2017;108:520‐525.
26. Cascant MM, Breil C, Garrigues S, De la Guardia M, Fabiano Tixier AS,
Chemat F. A green analytical chemistry approach for lipid extraction:
SOUMAYA ET AL. 9computation methods in the selection of green solvents as alternative
to hexane. Anal Bioanal Chem. 2017;409(14):3527‐3539.
27. Chemat S, Lagh A, Amar HA, Bartels PV, Chemat F. Extraction of
carvone and limonene from caraway seeds. Flav Frag J. 2004;
19(3):188‐195.
28. Assami K, Pingret D, Chemat S, Meklatia BY, Chemat F. Ultrasound
induced intensification and selective extraction of essential oil from
Carum carvi L. seeds. Chem Eng Proc. 2012;62:99‐105.
29. Folch J, Lees M, Stanley GHS. A simple method for the isolation and
purification of total lipids from animal tissues. J Biol Chem.
1957;226(1):497‐509.
30. Koubaa M, Roselló‐Soto E, ŠicŽlabur J, et al. Current and new insights
in the sustainable and green recovery of nutritionally valuable com-
pounds from Stevia rebaudiana Bertoni. J Agric Food Chem.
2015;63(31):6835‐6846.
31. Cecchi G, Biasini S, Castano J. Méthanolyse rapide des huiles en
solvant. Note de laboratoire. Rev Fr Corps Gras. 1985;4:163‐164.
32. Parry J, Su L, Luther M, et al. Fatty acid composition and anti-
oxidant properties of cold‐pressed marionberry, boysenberry, red
raspberry, and blueberry seed oils. J Agric Food Chem. 2005;53(3):
566‐573.
33. Green SJ, Meltzer MS, Hibbs JJB, Nacy CA. Activated macrophages
destroy intracellular Leishmania major amastigotes by an L‐arginine‐
dependent killing mechanism. J Immunol. 1990;144:278‐283.
34. Krzyczkowska J, Kozłowska M. Effect of oils extracted from plant
seeds on the growth and lipolytic activity of Yarrowia lipolytica yeast.
J Am Oil Chem Soc. 2017;94(5):661‐671.
35. Sicaire AG, Vian M, Fine F, et al. Alternative bio‐based solvents for
extraction of fat and oils: solubility prediction, global yield, extraction
kinetics, chemical composition and cost of manufacturing. Int J Mol
Sci. 2015;16(12):8430‐8453.
36. Sicaire AG, Vian MA, Fine F, Carré P, Tostain S, Chemat F. Experimen-
tal approach versus COSMO‐RS assisted solvent screening for
predicting the solubility of rapeseed oil. OCL. 2015;22:1‐7.
37. Breil C, Meullemiestre A, Vian M, Chemat F. Bio‐based solvents for
green extraction of lipids from oleaginous yeast biomass for sustain-
able aviation biofuel. Molecules. 2016;21(2):196.
38. Salgın U, Salgın S, Din D, Ekici DD, Uludag G. Oil recovery in rosehip
seeds from food plant waste products using supercritical CO2 extrac-
tion. J Supercr Fluids. 2016;118:194‐202.
39. Aladić K, Jarni K, Barbir T, et al. Supercritical CO2 extraction of hemp
(Cannabis sativa L.) seed oil. Ind Crops Prod. 2015;76:472‐478.
40. Kozłowska M, Gruczynska E, Scibisz I, Rudzinsk M. Fatty acids and ste-
rols composition, and antioxidant activity of oils extracted from plant
seeds. Food Chem. 2016;213:450‐456.
41. Laribi B, Kouki K, Mougou A, Marzouk B. Fatty acid and essential oil
composition of three Tunisian caraway (Carum carvi L.) seed ecotypes.
J Sci Food Agric. 2010;90(3):391‐396.
42. Aladic K, Jarni K, Barbir T, et al. Supercritical CO2 extraction of hemp
(Cannabis sativa L.) seed oil. Ind Crops Prod. 2015;76:472‐478.
43. Erkkila A, De Mello VDF, Riserus U, Laaksone DE. Dietary fatty acids
and cardiovascular disease: an epidemiological approach. Prog Lipid
Res. 2008;47(3):172‐118.
44. Mhemdi H, Rodier E, Kechaou N, Fages J. A supercritical tuneable pro-
cess for the selective extraction of fats and essential oil from coriander
seeds. J Food Eng. 2011;105(4):609‐616.
45. Dabrowski G, Konopka I, Czaplicki S. Supercritical CO2 extraction in
chia oils production: impact of process duration and CO‐solvent addi-
tion. Food Sci Biotechnol. 2018;27(3):677‐686.46. Prache N, Abreu S, Sassiat P, Thiebaut D, Chaminade P. Alternative sol-
vents for improving the greenness of normal phase liquid
chromatography of lipid classes. J Chromatogr a. 2016;1464:55‐63.
47. Sajfrtová M, Licková I, Wimmerová M, Sovová H, Wimmer Z. β‐Sitos-
terol: supercritical carbon dioxide extraction from sea buckthorn
(Hippophae rhamnoides L.) seeds. Int J Mol Sci. 2010;11(4):1842‐1850.
48. Mezni F, Slama A, Ksouri R, Hamdaoui G, Khouja ML, Khaldi A. Pheno-
lic profile and effect of growing area on Pistacia lentiscus seed oil. Food
Chem. 2018;257:206‐210.
49. Ramadan MF. Healthy blends of high linoleic sunflower oil with
selected cold pressed oils: functionality, stability and antioxidative
characteristics. Ind Crop Prod. 2013;43:65‐72.
50. Li H, Wu J, Rempel CB, Thiyam U. Effect of operating parameters on
oil and phenolic extraction using supercritical CO2. Am Oil Chem Soc.
2010;87(9):1081‐1089.
51. Temelli F. Perspective on supercritical processing of fats and oils. J
Supercrit Fluids. 2009;47(3):583‐590.
52. Marques LL, Panizzon GP, Aguiar BA, et al. Guaraná (Paullinia cupana)
seeds: selective supercritical extraction of phenolic compounds. Food
Chem. 2016;212:703‐711.
53. Piluzza G, Bullitta S. Correlations between phenolic content and anti-
oxidant properties in twenty‐four plant species of traditional
ethnoveterinary use in the Mediterranean area. Pharm Biol. 2011;
49(3):240‐247.
54. Salkowski CA, Detore G, Menally R, Van Rooijem N, Vogel SN. Regula-
tion of inducible nitric oxide synthase messenger RNA expression and
nitric oxide production by lipopolysaccharide in vivo: the roles of mac-
rophages, endogenous IFN‐gamma and TNF receptor‐1‐mediated
signalling. J Immunol. 1997;158:905‐912.
55. Szabo C. Multiple pathways of peroxynitrite cytotoxicity. Toxicol Lett.
2003;140–141:105‐112.
56. Cardeno A, Sanchez‐Hidalgo M, Aparicio‐Soto M, Sanchez‐Fidalgo S,
Alarcon‐de‐la‐Lastra C. Extra virgin olive oil polyphenolic extracts
downregulate inflammatory responses in LPS‐activated murine perito-
neal macrophages suppressing NF k B and MAPK signalling pathways.
Food Funct. 2014;5(6):1270‐1277.
57. Aparicio‐soto M, Sanchez‐Fidalgo S, Gonzalez‐Benjumea A, Maya I,
Fernandez‐Bolanos JG, Alarcon‐de‐la‐Lastra C. Naturally occurring
hydroxytyrosol derivatives: hydroxytyrosyl acetate and 3,4‐
dihydroxyphenylglycol modulate inflammatory response in murine
peritoneal macrophages. Potential utility as new dietary supplements.
J Agric Food Chem. 2014;63:836‐846.
58. Moreno JJ. Effect of olive oil minor components on oxidative stress
and arachidonic acid mobilization and metabolism by macrophages
RAW 264.7. Free Radic Biol Med. 2003;35(9):1073‐1081.
59. Montserrat‐de la Paz S, Fernández‐Arche A, Angel‐Martín M, García‐
Giménez MD. The sterols isolated from evening primrose oil modulate
the release of proinflammatory mediators. Phytomedicine. 2012;
19(12):1072‐1076.
How to cite this article: Bourgou S, Bettaieb Rebey I,
Daklaoui S, et al. Green extraction of oil from Carum carvi
seeds using bio‐based solvent and supercritical fluid: Evalua-
tion of its antioxidant and anti‐inflammatory activities. Phyto-
chemical Analysis. 2019;1–9. https://doi.org/10.1002/
pca.2864
